We report the synthesis, structure, and magnetic properties of a new dinuclear dysprosium(III) complex based on a 3-methoxycinnamate ligand. The centrosymmetric complex exhibits a field-induced SMM behavior. In contrast to the previously reported lanthanide-based systems with cinnamate derivatives that relax through a combination of Raman and direct processes, an Orbach process is also involved in highlighting the role of the structural organization over the spin-lattice relaxations.
Introduction
Slow relaxation of the magnetization in isolated lanthanide-based complexes and coordination polymers have been extensively studied since the discovery of a Single Molecule Magnets (SMM) behavior in mononuclear bis(phatlocyaninato) lanthanide complexes by Ishikawa and coll [1] . Such molecule-based compounds are often viewed as potential candidates for spintronics or high-density storage applications [2] [3] [4] [5] since an important anisotropic barrier, ∆, may induce the appearance of a magnetic bistability. Recently, an important effort has been carried out to understanding the criteria governing the slow relaxation in SMM in order to optimize their behavior. Hence, numerous examples of complexes exhibiting large anisotropic barriers and magnetic bistability have been investigated in the last two years [6] [7] [8] [9] [10] . Among those, the observation of a magnetic hysteresis up to 60 K having the origin in the localized metal-ligand vibrational modes in a butyldysprosocenium complex constitutes an important breakthrough in this field and highlights the possibility to observe SMM behavior at relatively high temperatures [10] . In lanthanide-based SMM, the magnitude of the anisotropic barrier mainly depends on the ligand field splitting of lanthanide ions that is generated by the coordinated ligands [8, 11] . This includes the stabilization of the 4f oblate or prolate electronic density of the lanthanides by specific ligands, as well as the Kramers/non-Kramers nature of the considered ion. The mechanism of the magnetic relaxation that allows for the flipping of the magnetization may have a complex origin and may proceed via the Quantum Tunneling of the Magnetization (QTM) and spin-phonon (lattice vibrations). The former depends on various parameters including deviation from high symmetry, dipolar interactions, hyperfine coupling, or
Results

Synthesis and Crystal Structure
The reaction between 3-methoxycinnamic acid (L) (3 eq.) and DyCl 3 ·5H 2 O (1 eq.) in the presence of sodium hydroxide in a DMF/water mixture allows for the formation of colorless crystals after re-crystallization in DMSO. The crystals that usually form rapidly are a one-dimensional coordination polymer, which we previously reported [30] . Remarkably, we have found that the kinetics of crystallization constitutes an important parameter that can be used to provide a further degree of control. Hence, if the crystallization is stood for a longer time (one month), a different compound of formula [Dy(L) 3 (DMSO)(H 2 O)] 2 (1) is obtained, suggesting a dissolution and recrystallization process. The single crystal X-ray diffraction analysis indicates that 1 is a strictly dinuclear complex that crystallizes in the triclinic P1 space group (Table S1 ). The asymmetric unit consists in one crystallographically independent Dy 3+ ion and three L − ligands. The molecular arrangement is reminiscent that the dinuclear complexes obtained with the 2-methoxycinnamic acid [30] . The structure of 1 can be described as two nine-coordinated Dy 3+ ions that are related via an inversion center and which are linked by six carboxylate groups from six L − anions. One DMSO and one water molecule complete the lanthanide's coordination sphere Figure 1 (Top). Two different coordination modes of the carboxylate are observed in the structure: η 2 chelating and µ 2 : η 2 −η 1 chelating bridging modes. The Dy-O distances are ranging from 2.336(4) to 2.616(4) Å (Table S2 ) and the Dy 3+ -O-Dy 3+ bridging angle is equal to 113.0(1) • . The intermetallic distance between two bridged Dy 3+ ions is equal to 4.1311(6) Å. The in-depth analysis of the coordination geometry was performed using the SHAPE software [31] and can be described as a spherical capped square antiprism (Table S4 ). The analysis of the crystal packing reveals the presence of both, intra and intermolecular hydrogen-bonding interactions (Table S3) involving the carboxylate moieties and coordinated water molecules, resulting in the formation of a one-dimensional hydrogen bonded supramolecular structure. The shortest intermolecular Dy(III)-Dy(III) distance is found to be 6.183(1) Å.
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DC Magnetic Properties
The room temperature value of χT equal to 27.51 cm 3 ·K·mol −1 is in a good agreement with the expected value of 28.24 cm 3 ·K·mol −1 for two non-interacting Dy 3+ ions using the free-ion approximation. Upon cooling, χT remains constant down to 70 K before decreasing to reach the value of 17.31 cm 3 ·K·mol −1 at 1.8 K (Figure 2 ). Such deviation originates from the thermal depopulation of the Stark sublevels, which may be associated with dominant antiferromagnetic interactions between the two bridged Dy 3+ ions. As previously evidenced in such carboxylate bridged systems, the strength of the magnetic interactions should be however relatively weak [15, 30] . The field dependence of the magnetization measured at 1.8 K reaches the value of 12.77 μB under 70 kOe without evidence of a clear saturation (Inset of Figure 2 ). 
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AC Magnetic Properties
AC magnetic properties were performed in order to investigate the occurrence of a slow relaxation of the magnetization. Under a zero DC field, a significant out-of-phase susceptibility signal, χ″, can be observed but without a maximum ( Figure S1 ) due to the presence of a strong QTM, which may arise from external factors, such as dipolar interactions, intrinsic effects due to the hyperfine interactions, or symmetry deviations [12] . Applying DC field induces a short-cut of this QTM and a shift of the out-of-phase maximum towards lower frequencies. Thus, the frequency dependence of χ″ for various DC fields was performed. The highest relaxation time, τ, is found for 2250 Oe ( Figure S1 ). For higher field values a second maximum starts to appear at low frequencies and a decrease of τ is observed and can be imputed to the presence of the direct process, which becomes predominant. The field dependence of the relaxation time can be modeled with the following equation [32] :
The first term accounts for the direct process (for Kramers-ion), the second one stands for the QTM, while the last is a constant that is accounting for the field-independent thermally activated and Raman processes. Despite the presence of four different parameters, it was not possible to obtain a meaningful fit using this model, suggesting a more complex behavior.
The frequency dependence of χ″ for various temperatures under a 2250 Oe DC field reveals a frequency dependent asymmetric peak (Figure 3 ). Hence, a plateau that may be identified as a second relaxation process is observed at low frequencies. Yet, the slight frequency dependence of the signals suggests the occurrence of a second relaxation. Unfortunately, it was not possible to obtain single-crystals of the dysprosium complex diluted in a diamagnetic matrix precluding the in-depth determination of the role of dipolar and exchange interactions. On the other hand, the maximum of the frequency dependent peak shifts to higher temperatures upon an increasing frequency, which indicates a field-induced slow relaxation of the magnetization. 
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The frequency dependence of χ" for various temperatures under a 2250 Oe DC field reveals a frequency dependent asymmetric peak (Figure 3) . Hence, a plateau that may be identified as a second relaxation process is observed at low frequencies. Yet, the slight frequency dependence of the signals suggests the occurrence of a second relaxation. Unfortunately, it was not possible to obtain single-crystals of the dysprosium complex diluted in a diamagnetic matrix precluding the in-depth determination of the role of dipolar and exchange interactions. On the other hand, the maximum of the frequency dependent peak shifts to higher temperatures upon an increasing frequency, which indicates a field-induced slow relaxation of the magnetization. The presence of a second relaxation process at low temperature is further corroborated when drawing the Cole-Cole plots (Figure 4a ) exhibiting a plateau. Therefore, the Cole-Cole plots were fitted by taking into account only the data of the semi-circle corresponding to the high-temperature process (Table S5 ). Despite this, the α parameter values are ranging between 0.152 and 0.871, confirming a wide distribution of the relaxation times. Additional insights into the mechanism of the slow relaxation of the magnetization can be obtained by studying the temperature dependence of τ (Figure 4b ). The deviation from the thermally activated behavior observed at low temperature indicates the occurrence of additional relaxation processes, such as Raman and/or direct. Fitting the temperature dependence of the relaxation time was performed using the following model [33] :
for which the first term accounts for a thermally activated process, such as the Orbach or direct spin-phonon transitions involving higher excited states [8] , while the second and third ones stand for two-phonon Raman and direct relaxation processes, respectively. To avoid the over-parameterization, the values of m = 9 and n = 1 were fixed to the values that were found for two-phonon Raman (for Kramers ions) and direct processes [34, 35] .
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(a) (b) The best fit parameters gave: ∆ = 10 ± 1 cm −1 , τ 0 = (2.7 ± 0.6) × 10 −6 s, C = 0.0078 ± 0.0003 s −1 ·K −9 and A = 79 ± 15 s −1 ·K −1 . The small value of ∆ suggests a moderate contribution from the Orbach process in this temperature range. Attempts to fit the temperature dependence of the relaxation time when considering only the Raman (m being free) and direct processes yields to lower correlation coefficient with respect to the fitting with Equation (2).
Discussion
Compound 1 behaves as a field-induced SMM with two relaxation processes. The occurrence of multiple relaxations has been widely observed in genuine field-induced lanthanide based SMM even in the case of one crystallographically relaxing lanthanide ion [11, 13, 36] . For 1, the observed plateau at low frequencies most likely arises from a collective behavior resulting from strong dipolar interactions or from the occurrence of a hydrogen bonded network, as evidenced by the crystal structure analysis.
Further insights into the relaxation mechanism can be obtained through magneto-structural correlation. Based on the electrostatic model proposed by Rinehardt and Long [37] , and latter extended by Chilton et al. [38] , the efficient stabilization of the oblate electronic density of the Dy 3+ ion could be achieved with an axial crystal field. This latter is highly dependent on the magnitude of the interaction between the negatively charged atoms of the ligand and the Dy 3+ ion. For 1, the two connected Dy 3+ ions are related via an inversion center, inducing that the two anisotropic axes are collinear. However, the presence of six negatively charged or neutral oxygens atoms distributed homogeneously around the Dy 3+ site is responsible from the deviation from axiality, promoting the QTM. This therefore explains the need to use a DC field to reduce this relaxation. The comparison with the previously reported dinuclear dysprosium-based complex involving the 2-methoxycinnamic acid derivative, as well as with the 1-D coordination polymer based on the 3-methoxycinnamic acid ligand [30] clearly sheds light on the role of the coordination environment and packing arrangement over the slow relaxation of the magnetization. While two relaxation processes have been evidenced in the dinuclear complex incorporating the 2-methoxycinnamate, the Orbach process was found negligible in contrast to Raman and direct processes. Thus, the relaxation time at 1.8 K is found to be one order of magnitude greater for 1 (Table 1, Figure S2 ), and the out-of-phase signals are observed up to higher temperatures. Similarly, the 1-D structure with the 3-methoxycinnamate ligands but with two crystallographically independent Dy 3+ ions relaxes also via a combination of the Raman and direct processes, but the relaxation time remains three fold decreased with respect to 1. This suggests that the organization of Dy 3+ ions into the one-dimensional (1-D) structure does not improve the magnetic relaxation. Consequently, among these three compounds, the dinuclear complex 1 exhibits the best magnetic performances. As a result, the observed differences in the magnetic behavior of these compounds could be rather explained by subtle changes in the coordination environment of the Dy 3+ sites. For instance, the different localization of the methoxy groups (H-bond acceptors) clearly generates different structural organizations that indirectly affects the first coordination sphere of the Dy 3+ sites ( Figure S3 ). 
Materials and Methods
Synthesis and Crystal Structure
All of the chemicals were purchased from Alfa Aesar (Ward Hill, MA, USA) and were used as received. Single crystals of 1 were selected and measured on a Bruker-AXS APEX II CCD diffractometer (Bruker AXS Inc., Madison, WI, USA) at 293(2) K. The crystallographic data, conditions retained for the intensity data collection and some features of the structure refinements are listed in Table S1 . The intensities were collected with Mo Kα radiation (λ = 0.71073 Å). Data processing, Lorentz-polarization were performed using APEX [39] . Empirical absorption corrections were carried out using the SADABS program supplied by Bruker [40] . The structure was solved by the direct methods and refined by full-matrix least-squares methods on F 2 , using the SHELXL-2104 [41] . Some of the reflections have been omitted because their intensities were seriously affected by the beamstop. Reflections are counted for which theta <3 Degrees and (Fo**2-Fc**2)/sqrt(weight) < −10.0. Those reflections are better removed from the final refinement since they are in systematic error, program package. All non-hydrogen atoms were refined anisotropically. The hydrogen atoms were located from difference Fourier maps, assigned with isotropic displacement factors and included in the final refinement cycles by use of geometrical constraints. Molecular plots were performed with the ATOMS and Mercury programs [42, 43] . Geometrical calculations were carried out with PLATON [44] .
Magnetic Measurements
Magnetic susceptibility data were collected with a Quantum Design MPMS-XL SQUID magnetometer (San Diego, CA, USA) working between 1.8 and 350 K with the magnetic field up to 7 Tesla. The data were corrected for the sample holder and the diamagnetic contributions calculated from Pascal's constants. The AC magnetic suceptibility measurements were carried out in the presence of a 3 Oe oscillating field in zero or applied external DC field.
Conclusions
In this article, we have reported the synthesis and crystal structure of a new dinuclear dysprosium(III) complex based on a 3-methoxycinnamate ligands. We have found that the kinetics of crystallization could strongly affect the dimensionality of the structure. The centrosymmetric complex 1 exhibits a field-induced SMM behavior. In contrast to the previously reported systems with cinnamate derivatives that relax through a combination of the Raman and direct processes, the Orbach relaxation is also involved, highlighting the role of the structural organization over the spin-lattice relaxations.
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